Nitric oxide-cyclic GMP signaling pathway limits inflammatory degeneration of midbrain dopaminergic neurons: cell type-specific regulation of heme oxygenase-1 expression.
Excessive production of nitric oxide (NO) by microglia is at least in part responsible for the pathogenesis of various neurodegenerative disorders including Parkinson disease, but at the same time NO may also play a distinct role as a signaling molecule such as an activator of soluble guanylyl cyclase. Here we investigated potential roles of the NO-soluble guanylyl cyclase-cyclic GMP signaling pathway in the regulation of dopaminergic neurodegeneration. Activation of microglia by interferon-gamma (IFN-gamma) followed by lipopolysaccharide (LPS) caused dopaminergic cell death in rat midbrain slice cultures, which was dependent on NO production. 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ), a soluble guanylyl cyclase inhibitor, as well as KT5823, an inhibitor of cyclic GMP-dependent protein kinase, exacerbated dopaminergic cell death induced by IFN-gamma/LPS. Conversely, 8-bromo-cyclic GMP attenuated IFN-gamma/LPS cytotoxicity on dopaminergic neurons. Notably, although heme oxygenase-1 (HO-1) was expressed prominently in cells other than dopaminergic neurons in control cultures, robust expression of HO-1 was induced in surviving dopaminergic neurons challenged with IFN-gamma/LPS. ODQ and KT5823 decreased, whereas 8-bromo-cyclic GMP increased, the number of dopaminergic neurons expressing HO-1 after IFN-gamma/LPS challenge, without parallel changes in HO-1 expression in other cell populations. An NO donor 3-(4-morpholinyl)sydnonimine hydrochloride also induced HO-1 expression in dopaminergic neurons, which was abolished by ODQ and augmented by 8-bromo-cyclic GMP. Moreover, IFN-gamma/LPS-induced dopaminergic cell death was augmented by zinc protoporphyrin IX, an HO-1 inhibitor. The NO donor cytotoxicity on dopaminergic neurons was also augmented by ODQ and zinc protoporphyrin IX. These results indicate that the NO-cyclic GMP signaling pathway promotes the induction of HO-1 specifically in dopaminergic neurons, which acts as an endogenous protective system to limit inflammatory degeneration of this cell population.